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5,6- —BEH-N-[(R)-4-BEH-2-(A 1-2-5)-2,3- — S K I Bk Ia-5-
£]-1,1a,2,7b-M S IR A Fr[clZ= Frt -7 b-E R ELFR B9 & B 5 R AE

K7 S A S i

(B R 22 T2 KD 410082)

B Ao R S I N7 A5 B S ) 44 (5,6- - H AR 3E-1,1a,2,7h- VU SR 1A FE [ ] 2K H ML I - 75- 55 ) [(R)-4- 4 -
2-(RHi-2-3i)-2,3- SR FFIRIR-5-5E ] R (2), 2 TRl Bk B4t Voe 2 EHES 2 5,6-— F 4 SE-N-[(R)-4- T 4 5E-2-(TH
I5-2-38)-2,3- AR IFIRIN-5-36]-1,1a,2,7b-PU SRR FE[c] 2R LG -7h-3E F R (S), LA IS5 F%: TH NMR, MS Flt
FANHIA, RN X HEATANERE G 5 WRiAst. (haY 5 B T=/EAR, P1 FNE, SSEC o=
0.95772(5) nm, b=1.06591(6) nm, ¢=1.30112(7) nm, a=111.8460(10)°, =109.8870(10)°, y=93.0870°, V'=1.13429(11)
nm®, Z=2, D,=1.281 g/em’, u(Mo Ko)=0.092 mm ', F(000)=464.
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Synthesis and Characterization of 5,6-Dimethoxy-N-[(R)-4-methoxy-2-
(prop-1-en-2-yl)-2,3-dihydrobenzofuran-5-yl]-1,1a,2,7 b-
tetrahydrocyclopropa[c]Jchromene-7b-carboxamide
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Abstract  5,6-Dimethoxy-N-[(R)-4-methoxy-2-(prop-1-en-2-yl)-2,3-dihydrobenzofuran-5-yl]-1,1a,2,7b-tetrahydrocyclopropa-
[c]chromene-7h-carboxamide (5) was prepared by etherification, oximation and Beckmann rearrangement from 5,6-dimeth-
oxy-1,1a,2,7b-tetrahydrocyclopropa[c]chromen-7b-yl((R)-4-hydroxy-2-(prop-1-en-2-yl)-2,3-dihydrobenzofuran-5-yl)-methanone
(2) which synthesized from the reaction of the rotenone and dimethyloxosulphonium methylide. Their structures were identified
by 'H NMR and MS techniques and elemental analysis. The crystal structures of compounds 2 and 5 were determined by X-ray
single crystal diffraction analysis. The crystal of 5 belongs to triclinic, space group P1 with cell parameters a=0.95772(5) nm,
b=1.06591(6) nm, ¢=1.30112(7) nm, a=111.8460(10)°, =109.8870(10)°, y=93.0870°, ¥'=1.13429(11) nm?®, Z=2, D.=

1.281 g/em?, (Mo Ka))=0.092 mm ™', F(000)=464.

Keywords rotenone; dimethyloxosulphonium methylide; Beckmann rearrangement; crystallographic structure
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. AT O R 12 A A T e
P& BT R AT AR, 45 R EoR, KB RTE
(17 A 3 PR BE P 0] A7 e R . (2] f Jg Tl ) R A
SERHEAT O, A A R HT B 2Bl Sakakibara
AL — S IR AT I, SIS REINIR, SR
TR ) 2 AT A 0, e A 1 R 8 2 I A P A
BRI B SR PUIIR REE. AE SCHRR(13IAF 5T 1) i
by NSO AR ST A L R B N, FT TR AR C
W, Fedmk il A DU 2 R R N A 5,6-—
S HE-N-[(R)-4- F AR BE-2-( I -2-2%)-2,3- S 2R W -
5-3£1-1,1a,2,7b-DU SR N I T[] AR IR - 76 -2 H % (5),
HARLA 5 (16 i 26 W, Scheme 1.
1 KEEH
1.1 B RIAF

RY-1 45 SRR AR ) e Hs i, W2 2T
FE AR (IR & T 2 583 5 R TT AR ), — MY
(B AT ) Bt WZZ-2A B H 3l e e (i
KYFNEILAE] ); VARIANINOVA-400 1% REILHRIX
(&), 'H IR N 399.970 MHz, TMS 4 A Fx;
OB A1 Agilent1100(1E — 2445 W 7T A8 I K40
PSS, S5/ Agilent A )); VARIO EL III
JCE D HTX (5 [H); Brucker SMART APEX-CCD #4 #%
X 2 B AT SR A R R ;g ) (52 % A A 4K T
], 95%~98%), ¥ AR A T 43 By 4l sl fb 27 4.
12 HEMHEN
1.2.1  5,6-=%F A Hh-1,10,2,7b-v9 &R A 5 [c] R vk
- Tb- 2 [(R)-4-F2 2 -2-(FA M -2- 21 )-2,3- = B K FF vk -
5- 2K BRI (2) 49 %) &

2 g (0.083 mol) NaH [l /4F1 10 mL £ ik, fEA<
P FBEEE 10 min, SRS A EE, EEEE 2 K,

DMSO

TESEREAMmEE, A 11 g (0.05 mol)= FJLA{L Y
WX, ZEBEEE 4 h, I A EFVRME, BPAmM L, K
20 mL %45 7.88 g (0.02 mol)ff i ] DMSO %N A
BB LA, 20 °C N 30 min, TLC W & W 5¢ 4,
B11200 mL ORI R K, B FEA, RS R A, SREHE
4k, 19 7.08 g A 2, 1% 85.5%. m.p. 132~134
COCERED mp. 133~134 C); [ald —52.5 (¢ 0.2,
CHCLy); 'H NMR (CDCls, 400 MHz) d: 1.33 (d, J=3.6
Hz, 1H, 1a-CH), 1.76 (s, 3H, 9-CH3), 1.90~1.96 (m, 2H,
1-CH,), 2.89~3.05 (m, 1H, 3-CH,), 3.32~3.40 (m, 1H,
3-CH,), 3.63 (s, 3H, OCH,), 3.83 (s, 3H, OCHs), 4.21 (d,
J=11.6 Hz, 1H, 2-CH,), 4.35 (d, J=11.6 Hz, 1H, 2-CH,),
4.94 (s, 1H,=CH,), 5.08 (s, 1H, =CH,), 5.32 (t, J=8.0
Hz, 1H, 2-CH), 6.26 (d, J=8.4 Hz, 1H, 7-H), 6.44 (s, 1H,
4-H), 6.49 (s, 1H, 7-H), 7.64 (d, J=8.4 Hz, 1H, 6-H), 12.7
(d, J=10.4 Hz, 1H, OH); ESI-MS m/z: 408 (M"), 409
(M+—|— 1). Anal. calcd for C,4H»4O4: C 70.57, H 5.92; found
C 70.35, H 6.05.

122 5,6-=%&3k-1,1a,2,7b-v9 £ A F[c] R F otk
#-7h- 2 [(R)-4- F B AL -2-(FH-2-4)-2,3- — &K 5k
w#-5- 2] F BRI (3) 49 ) &

4.1 g (10 mmol)tb 54 2, 40 mL 5 F 4, 0.32 g (1
mmol)PY T FRALIE, 2 mL 30%5 AL, BiEERR 30
min, JIA 1.9 g (20 mmol)fi R —FEK, HEHEFI 4 h,
TLC MM W 5e 4, RVIRE/KYE, F 30 mL & ¢
I 3 IR, To/KBR A T4, JEHUIET13 4.00 g iRt
WAL S 3, I 94.2%. m.p. 53~55 C; [a]y —52.2
(c 0.2, CHCLs); "H NMR (CDCls, 400 MHz) 6: 1.24~1.28
(m, 1H, 1a-CH), 1.73 (s, 3H, 9-CH3), 1.99~2.04 (m, 1H,
1-CH,), 2.33~2.37 (m, 1H, 1-CH,), 2.98~3.09 (m, 1H,
3-CH,), 3.34~3.42 (m, 1H, 3-CH,), 3.44 (d, J=3.6 Hz,

NH,OH- HCI
EtOH, reflux

Scheme 1
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3H, 6-OCHs3), 3.53 (d, J=8.4 Hz, 3H, 4-OCHj), 3.79 (d,
J=2.4 Hz, 3H, 5-OCHs), 4.21 (d, J=10.8 Hz, 1H, 2-CH,),
431 (d, J=9.6 Hz, 1H, 2-CH,), 4.92 (s, IH, =CH,), 5.05
(d, J=3.6 Hz, 1H, =CH,), 5.17 (g, J=8.0 Hz, 1H,
2-CH), 6.38 (d, J=7.6 Hz, 1H, 7-H), 6.43 (s, 1H, 4-H),
6.55 (dd, J=1.2, 8.0 Hz, 1H, 7-H), 7.64 (d, J=4.2, 7.6 Hz,
1H, 6-H). Anal. caled for C,sHyOg: C 71.07, H 6.20;
found C 70.86, H 6.33.

123 (E)-(5,6-=F £ 3k-1,1a,2,7b-v9 53R A FF[c] R
Frotrf-7b- ) [(R)-4-F BIL-2-(A M -2-25)-2,3- = 85K
Frek i -5- 2 F BR AT (4) 64 ) &

4.22 g (10 mmo)ft &%) 3, 50 mL JL/K LIE, 40
mmol ERERFENE, AR 24 h RNIBKYE, Bt HE
A, g, TEIEDE, VOO © M CRCED) =2 1 {
JAHT, 13 243 g AGEEEY 4, W& 55.5%. m.p.
99~101 ‘C; 'H NMR (CDCls, 400 MHz) &: 1.11~1.17
(m, 1H, 1-CH,), 1.42~1.48 (m, 1H, 1-CH,), 1.67~1.72
(m, 1H, 1a-CH,), 1.78 (d, J=5.6 Hz, 3H, 9-CHj), 3.11~
3.18 (m, 1H, 3-CH,), 3.43~3.54 (m, 1H, 3-CH,), 3.66 (d,
J=15.6 Hz, 3H, 6-OCH,), 3.79 (s, 3H, 4-OCHj3), 3.82 (s,
3H, 5-OCHj,), 3.99 (dd, J=4.0, 10.0 Hz, 1H, 2-CH,), 4.28
(d, J=9.6 Hz, 1H, 2-CH,), 4.94 (s, IH, =CH,), 5.10 (d,
J=52 Hz, 1H, =CH,), 5.17~5.23 (m, 1H, 2-CH), 6.47
(s, 1H, 4-H), 6.51 (dd, J=0.8, 8.4 Hz, 1H, 7-H), 6.55 (d,
J=6.4 Hz, 1H, 7-H), 7.40 (dd, J=5.2, 8.4 Hz, 1H, 6-H).
ESI-MS m/z: 437 (M"), 438 (M'+1). Anal. caled for
CasHy/NOg: C 68.63, H 6.22, N 3.20; found C 68.41, H
6.29, N 3.31.

124  56-=% & -N-[(R)-4- F & -2-( A K -2-
H)-2,3- — AR FFekh-5- 2 0-1,1a,2,7h-19 SR A 5[]
Fterbed-7h-2) F B (5) 84 ) &

0.44 g (1 mmol)fb &4 4, 20 mL 5 e, =i
P, AN 0.34 g (3 mmol) S LWES, 4REL RN 1 h, RV
WOKGE, A, T4, CBEEL N, 15031 g FAFEAS,
W 77.5%. m.p. 138~140 ‘C; 'H NMR (CDCl;, 400
MHz) d: 0.95~0.98 (m, 1H, 1a-CH,), 1.75 (d, J=6.4 Hz,
3H, 9-CH;), 2.02~2.06 (m, 1H, 1-CH,), 2.16~2.20 (m,
1H, 1-CH,), 3.06~3.15 (m, 1H, 3-CH,), 3.41~3.49 (m,
1H, 3-CH,), 3.71 (s, 3H, OCH3), 3.80 (dd, J=5.6, 11.6 Hz,
1H, 2-CH,), 3.86 (s, 6H, 20CH;), 4.52~4.57 (m, 1H,
2-CH,), 491 (s, IH, =CH,), 5.07 (s, IH, =CH,), 5.13 (t,
J=8.8 Hz, 1H, 2-CH), 6.50 (d, J=8.8 Hz, 1H, 7-H), 6.56
(s, 1H, 7-H), 7.02 (s, 1H, 4-H), 8.05 (d, J=8.8 Hz, 1H,
6-H), 8.09 (s, 1H, NH). Anal. calcd for C,sH,;NOgs: C
68.63, H 6.22, N 3.20; found C 68.41, H 6.29, N 3.31.
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1.3 EMRRENE

BUG G 2 F1S 50T V(SR @ VIRE) =
301 MRAERIT, Hil RS RS EEHYOR
A, EH 2 A1 S BIRSF 39008 0.46 mm X 0.45 mm X
0.34 mm Hl 0.46 mmX0.40 mmX0.34 mm (K55, 76
BRUKER SMART APEX 1000 CCD #7543 F, 4
Ffa i) Mo Ka ¥4k (1=0.071073 nm), LA y-o $94477
SAE— s Y S SRR AT 8 A, ARG IEH] Bruker ()
SAINTPLUS FEFE¥ 8581, g/l SADABS!'
P PP JE AT &6 50 W RS IE . A K S R B B B
(SHELXS-97 F/Fl i, AR &si 1 h 214 Fou-
rier A ZE M T = EUE IEAR 3], ATAREEUR
TR AR AR B 45 ) SRS B A M e i P
HEATE IE IS
2 ZRITE
21 hEYM2MEK

0 T W 7 SRR T AR R R PR R A A ) 2.
SOV HLEERTRE N : H T AR 12 7 RIE R 7 1F
H, 12a fr A BA @ MR, femigfEH T, 6a i C—
O W%, [FIRME2 12a ALIETERR o f-ANHURIER; AR
ST AEAE R SRR I 6a Arik IR, R AESEAZIUAR,
12a 1) C LM T AR SRR T i 6725 1, R 6a 15 I N
(B IE BT, Rl R, TER— IR ke, Ak
VAL FE L Scheme 2.

22 NmSEH

H % T AN [ B M AR AL R DL v 8 R e N ) 5 .
R TR AT, Ik R B Ak 571
B, TR A GE T & e, RV K,
HE =2 ; 5 HBEEC AT, AR50 I R fe B 58 4,
FIEPEMELr. SEI0ARIN, W5 o o S AR R Tl A
Bie, FFEHE N BERZ, w780 R N HLEE U Scheme 3 T
ZT<[16].

AW 3 1F LR h 5 R E A 2 45 H
FHINT WS, FaFedkn] DR EUG AN 5 QR
TUAEAE, AH SRR I B N 3o i rp S 45 31 B — R 280 (1) 2= 4.
MALED) S (iR iR (B )8 21, 16 5 AR g i 401
WG 35 43 5 AR I, by DL 2 s N (R RS A 14
FIT AR I FWR IR N AT 5 ¥R i V) s A, Wil 4 2 E U7,
W, Scheme 1. J& B E—F4 204 (1 5t R 0] RS R MR ER |
A SEBHLAS Z- R R P2 JE (T k.

2.3 LR

&) 2~5 4% 'TH NMR, MS FITZE 0 #r ik

17T HAE. AE4LE 5 19 'THNMR 7 6 0.96~2.20
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Scheme 2

CICOCH,CI

-CICH,COH | ©
[1,2]-shift

‘ \O Q ‘ \O Q
o N H* o '\f tautomerization 5
| + O O—
O— OH
/o H
O. H O

Scheme 3

DX ) P4y e V4 g Ay B DA 180 I PP 356 R I R L [ 3 AN R S
PR 55 00 1) R DR, T 5 R v R e R A R ) A7
16, 16 5 1.74~1.76 DX [R] P (1) 55 DA 94 S0V (1) PR L T
HAN I, T ERIE I 2 BERE I AE 0 8.09 AbHIIL T
NH IG5, F/KASH G NH A5 W] 2iss. £
ESI-MS i, 1b&4 2 HBLT m/z: 408.9 (M™, 100)%> 1
BT, A 4 IR T miz: 438.0 (M, 100)114 T 55
T,
24 LEW 27505 RIKEWN

WEY) 2 F1 5 RS EL Bl R &5 R IES)
TR, LB 2 ARSI LI 1, thEY 5 Ik L
4 0L 2.

B ARG R B R B 2 1 S AA R TR S AEAE — X R
XTSRRI AA 24, 2b, 43 A 3 AT, 2a AT 2b #4971
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S HHIC(T) (S), C8) (R), C(18) (R)JFI[C(31) (R), C(32)
(S), C(42) (R)]. HhARL,F B St i Sz At v LA T
WS 6a BB, A543 A G0 A e DA VPR b ) 2R A
TE. 5188, 2 3 7 AFAE ISR, AT 2R T
S5 RIS O() A1 C(6) M St TR B, 34—Vl H
RIS OB CATIAN IR TR R, PIAST
T FR) = T A A8 P A 0 e S e A b 23 i 66.27° FH
67.39°; [RIIF, A4l i BB AR O(6) Bk O(12) 73 5l 5
I 0Q) LA O®) LA TE 4> T N A BE, K l—
INTUHNEG I, %50 WA BB H(2)—0(6)4 0.180
nm, H(8)—O0(12)4 0.177 nm; £ O(2)—H(2)--0(6)H
146.0°, O(8)—H(8)---O(12) ) 146.2°.

WA 2 RS RES AR, (AW S B
AAAE—XAEXT WL AK 5a, b, 0 FHH 3 ST,
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1 LEY 25 KIS ALE IR
Table 1 Crystal structure data of the compounds 2 and 5

Compd. 2 5
Empirical formula C24H2406 C25H27N06
T/K 173(2) 293(2)
Wavelength/nm 0.071073 0.071073
Crystal system Monoclinic Triclinic
Space group P2, P1

0.83783(4), 0.95772(5),
a, b, c/nm 2.14724(11), 1.06591(6),
1.13095(6) 1.30112(7)
al(®) 90 111.8460(10)
pI°) 90.7590(10) 109.8870(10)
2/(°) 90 93.0870(10)
V/nm® 2.03443(18) 1.13429(11)
VA 4 2
Di(geem ) 1.333 1.281
Crystal size/mm®  0.46X0.45X0.34  0.46X0.40X0.34
F(000) 864 464
Orng/C) for data 4 g, 14,27.06 2.10 t0 26.00
collection
—10<h<10, —l1<h<ll,
Index ranges —27<k<27, —13<k<13,
—6<I<14 —16<I<16
Reflections col- 10383/4526 8754/4353

lected/unique [R(int)=0.0205] [R(int)=0.0216]
Final R indices [I> R,=0.0364, R,=0.0380,
20(D)] WR,=0.0926 WR,=0.1003
. R,=0.0449, R,=0.0524,
R 1

indices @@ll data) | » ) hoss WR,=0.1106

Largest diff. peak

252 —0.1
and hole 0.252 and —0.196

0.152 and —0.152

R A 5a [C(7) (S), C(8) (R), C(18) (R)]F1 5b
[C(32) (R), C(33) (S), C(43) (B)]; 7+ T 2 A3
D e T = N TS R YR N (S0 DA PR N S ] )
60.90°F11 47.36°; H4b&4) 2 I AN, HA6, 45k
HROR IR R 5 SR A, A UL 2 FHE A L .
PRl =l ) e S ) A 5 A o 0T I, ) B B AR AN [, 48
AL A Sa [ Ba AR S5 N(D—CID)IFEEK Hy 0.1412
nm, N(D)—C12)[HEK A 0.1350 nm, 1fij HAEXF WA 5b
FERER ) NQ2)—C(36) EEK N 0.1422 nm, N(Q2)—
CR7)MBEK N 0.1339 nm. AW S MEAS L S
e AR AT 0 [ SR G o, CCDC 524 860808.

3 it

ASCUL I R IOk, 22 4 D ONAR BTG E )
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B2 kgt
Figure 1 Crystal structure of 2

B2 5L
Figure 2 Crystal structure of 5

5, JFEI b XN ERATITIN LA T 1D N
JE; LA LI 4 1 DUoe S EHR RN, WAL
B, oy B R AR AR
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